Keywords: chronic kidney diseases diabetes mellitus health behavior kidney diseases nursing s u m m a r y Purpose: The purpose of this study was to identify health behavior and risk factors for chronic kidney disease (CKD) in Korean patients with diabetes. Methods: This study was a secondary analysis of the Fourth Korean National Health and Nutritional Examination Survey (2007e2009). Of the 24,871 participants, 1,239 aged over 19 years with diagnosis of diabetes were included. Stratified and cluster variables in the analysis-plan file for a weighted, complex sample were analyzed. CKD was confirmed by the estimated glomerular filtration rate level of 15.0 e59.9 mL/min/1.732 m 2 . Odds ratios between the variables and CKD were calculated using logistic regression analysis with adjustment for gender, age, educational background, income, and duration of diagnosis.
Introduction
The prevalence rate of diabetes mellitus (DM) has increased rapidly worldwide. Without proper treatment and management, DM can cause many serious complications. Some of the major longterm complications of DM include chronic kidney disease (CKD) or renal failure, cardiovascular disease, and retinal damage by prolonged high blood glucose and glucose absorption. The onset and progression of CKD is much more rapid in patients with DM than those without (Iseki, 2005) . The prevalence of CKD in Korean DM patients at initial diagnosis is less than 10%, but it increases to 25% in the 20 years after the initial diagnosis (Ha, 2005) . Moreover, the risk of mortality in patients with CKD is 5e10 times as high as that in non-CKD patients, and the prevalence of cardiovascular diseases in patients with CKD is twice as high as that in non-CKD patients (Collins et al., 2003; Go, Chertow, Fan, McCulloch, & Hsu, 2004) . Patients even in the early stages of CKD have high prevalence and mortality rates of comorbidities (Go et al.) .
CKD in DM patients is the leading cause of end-stage renal disease (ESRD) and accounts for approximately 40% of new cases of ESRD annually (Barrett, 2003) . Early detection and treatment of CKD in patients with DM, therefore, can prevent or lower the progress to ESRD. Previous studies have reported that lifestyle factors such as smoking, exercise, obesity, and diet, played a major role in aggravating DM and leading to CKD (Goudswaard, Stolk, Zuithoff, de Valk, & Rutten, 2004; Norris, Lau, Smith, Schmid, & Engelgau, 2002) . Currently, a diversity of educational programs focused on behavioral change in DM has been reported; the effectiveness of the programs in terms of the improvement in selfhelp skills in patients with DM and the decrease in developing serious complications of DM has been shown by Lee et al. (2003) . Educational intervention for patients nearing renal replacement therapy improved health outcomes substantially, including delaying the initiation of dialysis therapy and increasing overall survival rates (Devins, Mendelssohn Barre, & Binik, 2003; Devins, Mendelssohn, Barre, Taib, & Binik, 2005) . Clinical parameters such as hyperglycemia, elevated blood pressure, elevated plasma lipid, and anemia serve as the major indicators of risk factors for CKD in patients with DM (Beauvieux, Moigen, Lasseur, Raffaitin, & Permoine, 2007; Lou et al., 2012) .
Therefore, patients with DM should know how to take care of the disease all by themselves as well as maintain self-management skills, including compliance with the medical regimen properly on a daily basis. Although there have been a number of studies on complications of DM, CKD in patients with DM has not been largely investigated in Korea. A few studies examined the relationships between risk factors and CKD among patients with DM, but the data in those studies were limited to having a convenient sampling of participants, or of small numbers of participants (Lou et al., 2012; Yeo, 2009) . Considering the lack of replicability or generalizability of the existing studies, this study used a representative sample of the national data in order to come up with a more generalizable and reliable understanding of Korean patients with DM.
Therefore, the purposes of this study were as follows: (a) To identify kidney functions according to sociodemographic characteristics and health behaviors of patients with DM in Korea; (b) to estimate clinical parameters related to DM and estimated glomerular filtration rate (eGFR) in Korean patients with DM; and (c) to identify the relationship between the heath behavior and the risk factors associated with CKD in Korean patients with DM.
Methods

Study design
This study was a secondary analysis design using populationbased data from a nationwide cross-sectional health survey.
Setting and sample
The data from the Fourth Korean National Health and Nutritional Examination Survey (KNHANES) between 2007 and 2009 was collected by the Korea Center for Disease Control and Prevention. The data included a random sample of 24,871 Koreans. The survey was conducted with a stratified, multi-stage, clustered probability design in order to select a representative sample of the noninstitutionalized population in Korea. Of the 1,330 participants who were diagnosed with DM, 1,239 were included in this study. Those who were under the age of 19 (n ¼ 6), had no blood test results (n ¼ 79), or developed advanced renal dysfunction with a clinical value of eGFR less than 15.0 mL/min/1.732 m 2 (n ¼ 6) were excluded from this study.
Ethical consideration
This study did not need the approval of the institutional review board because the analyzed survey data are publicly available. In addition, permission was obtained from the Korea Center for Disease Control and Prevention to use the data before this study was conducted.
Measurement and data collection
Estimated GFR was calculated using the original modification of diet in renal disease equation as follows: eGFR ¼ 186.3 Â (serum creatinine) À 1.154 Â age À 0.203 Â 0.742 (if female) (Levey et al., 2003) . Based on the clinical values of eGFR, the participants in this study were divided into three groups: those having a normal level of eGFR (!90.0 mL/min/1.732 m 2 ), those having a lowered level of eGFR (60.0e89.9 mL/min/1.732 m 2 ), and those having the lowest level of eGFR (15.0e59.9 mL/min/1.732 m 2 ). By definition, CKD was diagnosed by demonstrating an eGFR level between 15.0 mL/min/1.732 m 2 and 59.9 mL/min/1.732 m 2 .
Sociodemographic characteristics in this study included gender, age (19e40 years, 41e64 years, & >65 years), educational background (< middle school education, middle school graduates, high school graduates, & ! college graduates), and monthly income (low, middle, & high) .
In order to collect the participants' self-perceived health status, this study used a 5-point Likert-type scale ranging from 1 (very poor) to 5 (very good) in response to "How do you assess your own health status?" At the time when the national survey was conducted, physical examinations of the participants were conducted by trained investigators, following a standardized procedure. DM-related characteristics were also divided into four groups based on the length of time being diagnosed with DM, which included those 2 years, 3e5 years, 6e10 years, and !11 years. The participants were divided into four groups based on the type of treatment for DM, including those with medication-free regimen, with hypoglycemic or oral antidiabetic drugs (OADs), insulin, and both OAD and insulin. Patients with comorbidity in this study, defined as those having one or more diseases in addition to DM, included those with hypertension, hyperlipidemia, ischemic heart disease (IHD) and anemia. Anemia was diagnosed when male patients had a hemoglobin (Hb) level of less than 13 mg/dL, while female patients had a level of less than 12 mg/dL. Patients with proteinuria were categorized into three groups: having a negative, mild (tracee1), or heavy (!2) level of protein released in urine as measured by the urinalysis stick, or dipstick.
Clinical parameters for blood profiles and blood pressure were measured. For the glucose tolerance test, blood sample was taken from the antecubital vein of the participants 12 hours after overnight fasting. Fasting plasma glucose, hemoglobin A1c (HbA1c), Hb, serum creatinine, and blood urea nitrogen (BUN) were measured using the Hitachi 7600-110 Chemistry Analyzer (Hitachi Ltd., Tokyo, Japan). Blood pressure was measured using a sphygmomanometer after having participants rest for 10 minutes in a sitting position.
Data for health behavior of the participants were collected with a questionnaire on health. Health behaviors included eating, drinking, smoking, and exercise. Specifically, exercise with moderate intensity, which were defined as physical exercise causing a slight increase in heart rates, included table tennis, swimming, yoga, and badminton, while walking was excluded in this category. Data on the participants' experience of receiving health education for DM were also collected by the question, "Have you ever had education for managing DM given by doctors or nurses at places like a clinic, hospital, or health center?" Consultation for the disease that lasted for less than 10 minutes was excluded from the category.
Data analysis
The data were analyzed PASW Statistics 20 (SPSS Inc., Chicago, IL, USA). Because KNHANES used a complex probability sample, ignoring the complex design might run the risk of biased estimates and overstated significance levels. Therefore, this study selected a weighted sample with stratified and cluster variables to generate the analysis-plan file, which was subsequently analyzed by an analysis method for complex samples.
The estimated proportions and standard errors for characteristics were calculated. The eGFR levels according to participant characteristics and health behaviors were analyzed by analysis of covariates using a general linear model for complex samples with an adjustment of age and gender. Means and standard errors of clinical parameters such as fasting plasma glucose, HbA1c, Hb, BUN, creatinine, and blood pressure were calculated. Similarly, differences of clinical parameters in the stratified eGFR levels were analyzed by analysis of covariates with an adjustment of age and gender.
To analyze the health behaviors and the risk factors associated CKD, univariate logistic regression analysis was performed followed by multivariate logistic regression analysis. The multivariate logistic regression analysis for a complex samples was calculated by adjusting for variables such as gender, age, educational background, monthly income, and the length of diagnosis with DM. The presence of CKD represented the dependent variable in this study. Presence of CKD was indicated by moderately to severely lowered eGFR (15.0e59.9 mL/min/1.732 m 2 ), and non-CKD was indicated by normal to mildly lowered eGFR (!60.0 mL/min/1.732 m 2 ). The independent variables included health behaviors such as drinking, smoking, diet with proper amount, exercise, and experience of having education for DM. Risk factors included hypertension, hyperlipidemia, IHD, anemia, and obesity. Odds ratios and 95% confidence intervals (CI) were calculated and the level of significance was set at p < .05.
Results
Kidney function according to demographic characteristics
The number of participants in this study was 1,239, which became 6.34 million when the total number of participants was weighted for analysis. After adjusting for the age factor, male participants had a lower mean and standard error of eGFR (79.4 AE 0.97 mL/min/1.732 m 2 ) than their female counterparts, which was statistically significant (F ¼ 255.77, p < .001). The mean and standard error of age was 59.6 AE 0.51 years, and the mean and standard error of the eGFR level by age after adjusting for gender showed that participants over the age of 65 years accounted for the lowest mean and standard error of eGFR (79.4 AE 0.97 mL/min/ 1.732 m 2 ). There was a statistically significant difference between age and the level of eGFR after adjusting for gender (F ¼ 57.51, p < .001), whereas there was no statistical difference in the level of eGFR by educational background, or by income after adjusting for gender and age (Table 1) . The results of analyzing the eGFR level by the general linear model after adjusting for age and gender showed that 36.4% of the participants reported poor health status, whereas 11.2% reported very poor health status. There was a significant difference between the subjective perception of health and the level of eGFR with the lowest level of eGFR in those with the very poor health status (F ¼ 30.81, p < .001).
About half of the participants (49.7%) were found obese (BMI ! 25.0 kg/m 2 ), and there was no significant difference in the level of eGFR among the three BMI groups (F ¼ 0.19, p ¼ .826). The average length of time of being diagnosed with DM was 7.6 years (7.6 AE 0.28). The longer the disease period, the lower the level of eGFR, which was statistically significant (F ¼ 5.64, p ¼ .001). As far as the treatment of DM was concerned, 2.6% of the participants took insulin, and 4.4% took both OADs and insulin. Both groups had a lower eGFR level than those who did not take any medication, or than those taking only OADs, but this result did not show any statistical significance (F ¼ 1.65, p ¼ .178). 50.6% of the participants had hypertension with DM. Their eGFR level appeared to be significantly lower than those who did not have hypertension (F ¼ 5.64, p ¼ .018). Further, 5.9% of the participants with IHD showed a significantly lower eGFR level than those Clinical parameters related to DM and eGFR
As many as 24.7%, 60.6%, and 14.7% of the participants had normal, mildly lowered, and moderately to severely lowered eGFR levels, respectively. After adjusting for gender and age, neither the fasting plasma glucose level nor the HbA1c level was significantly different among the three groups (p > .05). However, the Hb levels were the lowest, and the BUN and creatinine levels were the highest in the group with the eGFR level of 15.0e59.9 mL/min/ 1.732 m 2 . Systolic and diastolic blood pressure was not significantly different among the three groups (Table 2) .
Kidney function according to health behavior
As many as 43.4% of the participants reported as abstaining from alcohol. The abstainers in this study had a lower eGFR level, which was statistically significant (F ¼ 5.07, p ¼ .007). As many as 50.2% of the participants reported to be nonsmoking at the time of the study. There was a statistical difference between the smoking habit and the level of eGFR, with the lowest level of eGFR in those who used to smoke prior to the study (F ¼ 6.80, p ¼ .001).
There was no significant difference in the level of eGFR by dietary habit, nor by physical exercise with strenuous intensity, whereas there was a significant difference between the level of eGFR in those who exercise with moderate intensity than those who do not exercise (F ¼ 8.09, p ¼ .005).
Only 19% of the participants reported the experience of receiving diabetic health education. This group appeared to have lower levels of eGFR than those who did not have any education on DM (F ¼ 7.29, p < .001) ( Table 3) .
Health behavior and risk factors associated with CKD in patients with DM
Following univariate logistic analysis, the risk of developing CKD in those who drink, those who are present smokers, those who do not do physical exercise with strenuous intensity those with hypertension, and those with anemia was higher than that of their counterparts. A multivariate logistic regression model was utilized to assess health behaviors and risk factors associated with CKD. After adjusting for gender, age, income, educational background, and the duration of diagnosis with DM, the study results showed that health behaviors that could cause CKD included smoking, the amount of diet intake, and vigorous exercise, while the predisposing risk factors that could lead to CKD included hypertension and anemia. More specifically, the risk of developing CKD in the participants who had smoked in the past was 2.06 times as high as that in those who were not smoking at the time of the study (OR ¼ 2.06; 95% CI: 1.04, 4.07; p ¼ .038). The risk of developing CKD in those who made efforts to take proper nutrition but failed was 1.76 times as high as those taking nutrition properly (OR ¼ 1.76; 95% CI: 1.05, 2.95; p ¼ .033), in those who did not do vigorous exercise, the risk was 2.12 times as high as those who did (OR ¼ 2.12; 95% CI: 1.03, 4.35; p ¼ .041); in those with hypertension, the risk was 2.40 times as high as those without high blood pressure (OR ¼ 2.40; 95% CI: 1.48, 3.90; p < .001); and in those with anemia, the risk was 2.32 times as high as their counterparts (OR ¼ 2.32; 95% CI: 1.42, 3.79; p < .001) ( Table 4) . 
Discussion
As much as 40%e50% of all DM patients suffered from kidney diseases and 10% of these patients had both diseases progress to ESRD (Riegersperger & Sunder-Plassmann, 2007) . Special measures should be taken into consideration for early detection and treatment so as to slow the progress to ESRD; this would in turn lead to a reduction in the overall medical cost at the government level (Lee et al., 2012) . This study was conducted to identify the relationships between health behaviors and CKD in patients with DM using the national data from KNHANES. More specifically, this study identified the degree to which health behaviors and risk factors affected the renal function and CKD status among Korean patients with DM.
The operational definition of the CKD in this study was having an eGFR level of 15e59.9 mL/min/1.732 m 2 . We found that 14.7% of the participants fell into this category, consistent with results from another study (Kong et al., 2006) . In that study, 15.6% of Chinese patients with type II DM in Hong Kong had CKD; their definition of CKD was the same as this study, except for albuminuria (Kong et al.) .
The result of the relationship between gender and the eGFR level after adjusting for age showed that male participants appeared to have a lower level of eGFR, consistent with the study result in Japanese patients (Iseki, 2005) . Furthermore, the results of this study demonstrated that the older the participant, the lower the eGFR. Also, the longer the disease period lasted, the lower the eGFR, which indicated that renal function decreased as the aging process went on (Zhang & Rothenbacher, 2008) . Meanwhile, the incidence of CKD increased as patients were exposed to prolonged high blood glucose (Ha, 2005) .
The number of obese patients having a BMI of more than 25 kg/ m 2 in this study accounted for 49.7% of all participants, which is higher than results from another study with Korean patients with type II DM (Kim et al., 2007) . BMI was known as one of the single most important indicator of the risk factors for ESRD (Hsu, McCulloch, Iribarren, Darbinien & Go, 2006; Iseki, 2005) and obesity was a significant risk factor of CKD in patients with DM (Trirogoff, Shintani, Himmelfarb, & Ikizler, 2007) . However, there was no significant difference found between obesity and CKD in this study. As many as 5.6% of the participants in this study reported having severe proteinuria, while the level of eGFR became lower as the state of proteinuria became more severe. In addition, proteinuria was one of the major predisposing risk factors not only for CKD but also for cardiovascular diseases (Hillege et al., 2002) , which indicated the importance of patient education to encourage them to be aware of the level of proteinuria by taking urine tests regularly.
The participants in this study were those who were diagnosed with DM. If they control the blood glucose level as adequately as possible, they can reduce the risk of developing renal disease by 50%. The average level of HbA1c in the participants was 7.4%, which falls into the normal range from 6.5% to 7.5% as recommended by the National Institute for Clinical Excellence Guidelines (National Institute for Clinical Excellence, 2008) . The United Kingdom Prospective Diabetes Study reported that a reduction in 1% of HbA1c level led to a decrease in microvascular endpoints by 37% (Stratton et al., 2000) . However, as an indicator of the average level of glucose in blood, HbA1c level was not found to be associated with CKD in this study.
After adjusting for age and gender, the participants with the lowest eGFR (60 mL/min/1.732 m 2 ) had the lowest Hb level (13.0 mg/dL). Lou et al. (2012) reported that 24.7% of Chinese diabetic patients suffered from anemia, while this study showed that only 14.5% of the participants had anemia. Meanwhile, the risk of having CKD in those with anemia was 2.32 times as high as that in nonanemic patients. Anemia is a disease symptom that commonly accompanies DM. It has been reported that anemia may contribute to the progress of kidney diseases in patients with DM (Babazono et al., 2006) .
Although there was no significant difference between the eGFR level and blood pressure, the average blood pressure of the participants in this study was 126.2/78.0 mmHg, which was slightly higher than the target blood pressure of those patients who had both of CKD and DM at 125.0/75.0 mmHg (Kidney Disease Outcome Quality Initiative, 2004). Furthermore, the risk of having CKD among those with hypertension was 2.4 times as high as those who were not hypertensive. These findings demanded a need for intervention programs to manage the blood pressure more appropriately and viably.
When age and gender were adjusted, the participants who did not drink alcohol appeared to have the lower level of eGFR level than those were drinking, which could be explained by the fact that because only the frequency of drinking was taken into account in this study, not the amount drank, more direct influence of the blood alcohol level on kidney functions could not be measured. In fact, there was no consistency in the existing studies to see if there were any relationships between drinking and renal functions. For one study, alcohol consumption was found to be a potential risk factor that caused glomerular damage, hypertension, and hypertensive nephrosclerosis (de Francisco, Fresnedo, Palomar, Piñera, & Arias, 2005) . However, other studies showed that there was no significant difference between ESRD and moderate intake of alcohol after adjusting for confounding factors (Stengel, Tarver-Carr, Powe, & Brancati, 2003) , or the moderate amount of alcohol intake was actually of benefit for cardiovascular functions and CKD (Kubo et al., 2003) . In this study, there was no significant difference between alcohol intake and CKD found after adjusting for confounding factors.
As far as the influence of smoking on eGFR level was concerned, this study showed a significant difference in the eGFR level by smoking habit after age and gender factors were adjusted. The participants who used to smoke prior to this study showed the lowest eGFR level and had 2.06 times higher risks of developing CKD than their nonsmoking counterparts. In a study by Biesenbach, Grafinger, Janko, and Zazgornik (2007) the decrease in the GFR level in smokers was twice as high as that in nonsmokers. Regardless of the patients' history of diabetes, smoking exacerbated the decline in renal functions (Remmuzzi, 1999) . The number of cigarettes smoked daily was found to be one of the predisposing factors that worsened renal functions (Bleyer, Shemanski, Burke, Hansen, & Appel, 2000) . Not only that, smoking is also a significant predisposing factor for various chronic diseases other than DM. Therefore, it is important to encourage smoking patients with normal kidney functions to cease smoking, especially if they are overweight (Iseki, 2005) or have a sedentary lifestyle (Hallan et al., 2006) . This is because these lifestyle factors combined with the habit of smoking increase the risk of renal diseases.
In order to prevent renal diseases, it is very important to refrain from taking excess protein in macronutrients while taking in a well-balanced diet with carbohydrates and fat (Tuttle, Sunwold, & Kramer, 2009) . In this study, there was a high possibility of getting CKD in those who did not take a well-balanced diet. Therefore, the nursing intervention focused on dietary intake should be directed from a very early stage of DM in order to prevent patients having DM combined with ESRD from overnutrition (Iseki, 2005) .
In this study, those who did not do exercise moderately appeared to have a lower level of eGFR than those doing vigorous exercises. In those who did not do vigorous exercises, the risk of CKD appeared to be 2.12 times higher than that in their counterparts. Gaede et al. (2003) reported that the long-term intervention of lifestyle modification, such as doing moderate exercise 3e5 times a week, played a critical role in reducing the risk of developing CKD by 50%. Inactive sedentary lifestyle has frequently been observed even in patients with mild to moderate renal dysfunctions (Wilhelm-Leen, Hall, Tamura, & Chertow, 2009 ). The lower the eGFR level, the lower the general physical functions (Hiraki et al., 2013) . Further, a lack of exercise increased the risk of renal diseases by 2.14 times (Clements & Ashurst, 2006) . Thus, developing educational intervention programs for patients with advanced stages of DM focused on improving and enhancing their physical conditions is urgently needed.
This study showed a skewed distribution of the participants with respect to the educational opportunities for DM. Only 19% of the participants in this study reported receiving health education on DM from healthcare professionals for over 10 minutes. Considering this is a cross-sectional design, we can assume that DM education is not accessible to all DM patients, and education may be provided only to those with serious complications. Having DM with severe renal complications is a life-threatening situation in which patients are placed at high-risk for the end stage of renal failure, leading to various other cardiovascular complications and death. Considering the fact that, among chronic diseases that cause renal failure, DM accounts for more than 40%, there is an increasing need for educational programs that combine preventive measures of DM with renal failure. In the United States, a number of medical centers have implemented educational and management programs to provide patients with CKD before dialysis (Devins et al., 2005) . Kim and Choi-Kwon (2010) conducted a study on educational needs for patients at pre-dialysis. They reported that patients at the levels of 3 and 4 of CKD were less likely to have educational opportunities than those at level 5, which resulted from the lack of professional and specialized instruction based on individual needs at different levels of CKD. Unlike the lack of the existence of pre-dialysis education, they reported that although 85% of the participants were willing to participate in pre-dialysis education, only 4.7% received the relevant information from nurses (Kim & Choi-Kwon) . This indicated a strong demand for a more specialized nursing professional who is able to provide a viable approach for patients who were suffering from various DM-related complications. Although the effectiveness of self-care education showed a tendency to decrease with time in some studies, self-care education and behavioral changes constituted two of the most important components of treatment for DM, and the development of viable strategies for encouraging participants to maintain self-care skills was of importance (Goudswaard et al., 2004; Norris et al., 2002) . Therefore, healthcare professionals should play a role in encouraging DM patients with renal complications to engage in more healthy lifestyles not only to manage the coexisting diseases effectively, but also to delay the progress of the diseases by providing specialized care and support.
If patients are able to form healthy behaviors and habits conducive to DM from a very early stage of the disease with few symptoms, it will likely lead to a decrease in the incidence of complications such as CKD and cardiovascular diseases (Goudswaard et al., 2004; Norris et al., 2002) , which will in turn decrease the national healthcare cost by a large proportion. To accomplish this goal, it is imperative that healthcare providers develop more viable management programs that increase the efficacy of self-care and continuation of participation in education for the patients at every stage of DM.
This study had the following limitations: First, because the data collected in this study were derived from the national data that was cross-sectional in nature, causal relationships among variables could not be determined. The data on health education in this study were limited to whether or not the participants had an experience of receiving diabetes education. Therefore, further studies were required to investigate the participants' needs for health education as well as the characteristics and effectiveness of health education in more detail.
Conclusion
This study identified that 14.7% of Korean population with diabetes suffered from a renal complication of CKD. The major risk factors for CKD appeared to be smoking, exercise, diet, hypertension, and anemia, after adjusting for sociodemographic variables such as gender, age, income, educational background, the duration of DM diagnosis. Efforts should be made at the national level to develop a more effective and viable educational program that enables patients with DM to develop self-care skills for the practice of health behaviors. At the same time, the current method of managing blood pressure and detecting anemia should be reinforced in a more effective way. Health professionals including nurses should be well prepared to help patients with DM from the early stage of DM with a keen ability to monitor any changes in the renal functions of patients.
